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FOREWORD
s = )]

Technological advancements have led to increased speed, mobility, and destructive
power of military operations. To permit commanders to make tactical decisions consis-
tent with rapid change and succession of events, information on military operations must
be processed and used more effectively than ever before. To meet this need, the Army is
developing automated systems for receipt, processing, storage, retrieval, and display of
different types and vast amounts of military data. There is a concomitant requirement for
research to determine how human abilities can be utilized to enable the command informa-
tion processing systems to function with maximum effectiveness.

One objective of the COMMAND SYSTEMS Task is to provide research information by
which decision making and information assimilation from displays may be facilitated. To
this end, studies are conducted on such information presentation factors as amount, den-
sity, format, color coding, speciticity-generality, alpha-numeric vs symbolic displays, rate
and degree of updating, probability data and certitude, individual and group displays, and
the relative utility of different sensory and display modalities. The present publication
reports on a portion of Subtask e, ‘‘Effective aids in the decision process,’”’ and explores
relationships between the accuracy with which information is assimilated and the certi-
tude that the information assimilated is correct.

The entire research task is responsive to requirements of RDT&E Project 2J024701A-
723, ‘‘Human Performance in Military Systems,”' FY 1968 Work Program, and to special
requirements of the Combat Developments Command end the Army Materie! Command.

e
_~J. E. UHLANER, Director

=" U.S. Army Behavioral Science
Research Laboratory
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RELATION GF CERTITUDE JUDGMENTS TO CHARACTERISTICS OF UPDATED
SYMBOLIC INFORMATION

Requirement:

In the Army's command information processing systems, updating of situational data adds %0 the
difficulty of information assimilstion and mey sffect confidence in accuracy of information and, conse-
quently, the quality of decisions made on the basis of the information. The purpose of the prasent re-
serech was to explore the efiects of type and number of updetes, total amount of information presented,
and selected conspicuity coding techniques on confidence and the relationship of confidence to sccuracy
of information assimilation,

Procedure:

Forty-eight subjects were presented successive pairs of slides. The first slide of a pair contsined
12, 18, or 24 military flag symbols randomly positioned on a mep, The second slide wes identicel 1 the
first except that 2, 4, or 6 symbols had besn added, removed, or repositioned. After the subjects had
successively viewed both slides of a pair, the second slide was removed. Subjects then indicated on a
peper print of the first slide all updetes they had noted in the second slide. Performance wes measured
in terme of socuracy of assimiiation (2 percentage score) and confidence in that accuracy (ranging from
{-absolutely uncertain, 10 B-absolutely certain) . The reseerch design was replicated over three enhance-
ment techniques--singie cue coding, double cus coding,and herd copy, as well as with no enhancement.

Findings:

Increasing either amount of information presented or amount of updsting resulted in a decline in both
mean accuracy and meen certitude, the rate varying widely over the different enhancement techniques

and over types of update,

Meen certitude parsileled mean accuracy ressonably well, but the accuracy-certitude correspondence
did not hold for individusl performence scores. Over all conditions, only 38 percent of the certitude
veriance could be accounted for by accuracy verience.

The more effective the enhancement technique, the higher the certitude-accuracy relationship. With
the best enhancement technique (double-cus coding), 64 percent of the certitude variance could be
accounted for by accuracy varience, with the poorest (hard copy) , only 30 percent.

There was evidence of both over-certitude and under-certitude, over-certitude tending to increase
with the leas effective enhencement techniques.

Utilizetion of Findings:

Findings suggest need to improve agreement between a men’s performance in information assimila-
tion and his estimate of that performence.

In the absence of specific information to the contrary, it should be assumed that most techniques
which aid sssimilation will also improve certitude estimates though the effect may vary with the tech-
nique.

Relience on group estimates should be encouraged, at lesst until techniques for improving estimation
are devised,

Determination of the role of certitude in the timeliness end appropriateness of decisions should be »
prime research cbjective. To this end, certitude should be measured in the same metric as accuracy

{percent) .
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RELATION OF CERTITUDE JUDGMENTS TO CHARACTERTISTICS
OF UPDATED SYMBOL.IC INFORMATION

OBJECTIVES

The Command Systems Task of the U. S. Army Behavioral Science
Research Laboratory is conducting a series of projects in which a variety
of display variadbles are systematically investigated in terms of their
effects on information assimilation and decision making in a command
and control setting. A concomitant of information assimilation is the
confidence or feeling of certitude the viewer has in the accurecy of his
assimilation. To the extent that feelings of confidence or certitule
appropriately reflect the assimilation performsnce upon vhich they are
presumbly btased, decision behavior could oe enhanced. It is therefore
of interest to Imov more about the certitude-accuracy relationship as a
function of various display parameters and to determine the degree to
vhich accuracy and certitude may be differentially affected.

In an earlier studyl the nuber of sysbols removed in an updating
(2 through 8) had negligidle effect on accurecy of assimilation, but the
greaater nwber of changes did result in an appreciadle decrement in certi-
tude. The present experiment vas an attempt to determine whether the
findings for uypdating generalise beyond the specific circumstances of
the sarlier stuly and vhether related variadles shov similar effects.

The specific objectives of the present stuly vere:

1. To dstermine vbether accuracy of informtion assimilation from
displays and juigments of certitule are similarly affected by (1) amownt
g“t:fmmmm. (2) type of uplating change, and (3) exteat of

) .

2, To dstermine the extent to which the acouracy-certitude relation-
ship varies with techniques to enhance the conspicuity of updates--~updated
hardcopy for reference, single-cue coding, dowble-cue coding.

METHOD
Experimental Design

The independent variadles investigated were total nuber of sysbols
in & slide--12, 18, 24 (amount); type of change introduced in a single
update--sysbols removed, added, repositioned; extent of change in a single

& Andrevs, R. S., and Ringel, S. Certituls julgments and the acowrecy
of information assimilation in viswal displays. U. S. Army Behavioral
Science Research leboratory Technical Research Note 145. May 196k,




update-- 2, &, f sysbols changed, and enbancement techniques--hard copy,
single-cue coding, double-cue coding. A no-coding condition vas also
imposed to provide a dase performance index. MNeasures of accuracy of
assimilation and certitude about that accuracy were coordimate dspendent
variables.

The basic design of the experiment is shown schematically in
Figure 1.

5
N

>

Amount of Information
®

Removed Added Repositioned
Type of Change

Figure 1. Schematic design of experiment for a single enhoncement technique

There were four replicates of the basic design, one for sach enhancement
technique. Twelve swbJjects were randomly assigned to each replicate and
each swbject received all treatmsnt cosbinmations of amoumt by extent by
type. Within each replicate, the tvelve subjects vere randomly divided
into three groups of four subjects each. Groups differed only in order
of presentation of type of change and the randomized sequence of slide



presentation vithin type of change. Thus, vithin each replicate each
type £ change vas administered first, second, and third, and there vere
nine different random sequences of slides.

Subjects
Forty-eight military onnel of «bove cverage intelligence (Generel
Technical Aptitude Ares s of 110 or higher) with normal or corrected

normal viswml acuity participated as swbjects. Military copbistication
or training, not being pertinent to performance in the experimental task,
vas not a requirement. Each swbject participated for the 90 to 120 min-
utes required to coaplete a session.

Stimulus Presentation

Stimuli wvere in the form of 3%am negative transparencies depicting
s nwber of military flag sysbols positioned on a skeleton map. Each
of a basic slide and an updated slide vbich
differed from the dasic slide only in the changes introduced in updating.
Figures 2 and 3 shov a pair of such slides. The fllustrations differ

&
.
:
£
:
§

on
Positioning the sysbols on the basic slides and selecting tbe symbols
to change in updating were both done by a rendomisation process with only
one restraint: There were fowr different military unit sysbols--Infantry,
Artillery, Air Defense, and Engineer--on each basic slide in the approxi-
mte proportions of 1/2, 1/4, 1/6, and 1/12, respectively. In no instance
of the sysbols "removed” condition were all of any particular type of
unit removed.

Figure b shows the coding used for sirgle-cue and double-cue updates.
For the other enbancement technique, hard copy, a page print of the first
slide vas made available to the subject simultanecusly with the uncoded
updated slide. Uncoded sysbols vere identical to single cus except that
there vas no "arrovw" for moved, no "N" for added, and no "droken line

perimeter" for removed.

Subjects vere seated directly in fromt of and 15 feet avay from the
screen on vhich the slides were rear projected vwith an image ares approx-
imately 7.6 feet by 5 feet. Ambient illumination vas maintained at a
level sufficient to reduce the possibility of after immges, to provide
light for the men to read and mark their ansver sheets, and yet not high
enough to interfere vith easy vieving of the displayed material.

T'Based on the Verbal and Arithmetic Ressoning Tests of the Army Classi-
fication Battery.

S i
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SINGLE-CUE DOUBLE ~Cut

REMOVED oL ] "'.

ADDED o ]

N N

/@ /@

Figure 4. Exomples of single-cue and double-cue coding

Procedures and Instructions

Before the start of a sessicn, subjects were driefed on the mature
of the experiment and their participation. The experimenter read the
instructions aloud, wvhile each man followed along on a printed copy.
Tvo practice slide sets vere presented and--after the experimenter had
ansvered all questions and assured himself that the subjects understood

their task--the experiment proper degan.

Within each pair of slides, a basic slide was presented for 60
seconds; the updated slide (the same as basic slide with 2, b, or 6
sysbols added, removed, or repositioned) wes then presented. Simultane-
ously with the showing of the updated slié., the subjects wvere given a
question relating to "hov many" of a particular type unit bad deen
changed. Forty-five seconds wvere allowved for ansvering, after vhich a
second question relating to "locations" «f a specific change was given
and another 45 seconds allowed for ansvering and continued viewirng of
the updated slide. Thus, the subjects had a total of 90 seconds' viev-
ing time for the updated slide. The updated slide was then turned off,
and the swbject turned to his response sheet (replica of basic slide)
and indicated all units wvhich he thought had been changed as a result of
the updating. These responses provided a measure of information assimi-
lation. The subject had 60 seconds to complete his answer and indicate
his certitude for that ansver on the scale provided. The same procedure
vas folloved until nine pairs of siides had been presented. Subjects
vere then permitted a five-minute dreak. This procedure wvas followed
for each of the three type-of-change sequences within a session.



Dependent Variables

The major dependent variadble considered wvas the certitude expressed
by the subjects in the accuxacy of their information assimilation. To
indicate his certituie, a subject circled the phrase on tbe following
scale vhich best descrided hov certain or uncertain be felt in the accu-
racy of his response. Successive integers assigned to the eight cate-
gories of the continuum vere the values used in the analyses.

Abseolutely Very Moderately | Slightly Slightly Moderately Very Absolutely
Uncertain Uncertain Uncertain | Uncertain Certain Certain Certain Certain

The performance accuracy score wvas computed as follovs:

Nusber R x 100

Waber Right + Errors sion + ss

An error of commission vas made vhen the subject marked a sysbol that hed
not been changed, an error of omission vhen be failed to mark a sysbol
that had been changed.

RESULTS

A summmary of the analysis of variance performed on the certitude
scores is shown in Table 1. All four main effects and three of the inter-
actions wvere significant bdeyond the .00l level. Omnly one of the other
effects achieved significance at or beyond the .05 level. These findings
conform closely to those from the analysis of the accurecy dated in o
prior study in vhich the identical variadles and interactions were the
only ounes achieving statistical significance at or beyond the .05 level
except for the accuracy by type of change by enhancement technique inter-
action vhich was not significant in the accuracy amalysis. The relation-
ships betwveen mean certitude and mean accuracy for each of the main effects
are plotted in Figures 5 through 8, It is apparent from these figures
that the certitude-accuracy relationship typically approximates linearity
exoept for enbancement technique for which the relationship departs
appreciadly from linearity (Figure 8).

ﬁbo accuracy data and analyses used for comparison purposes vere
extracted from a prior report (Vieino, F. L., Andrevs, R. S., and
Ringel, S. Conspicuity coding of updated symbolic information.
U. S. Army Behavioral Science Research Laboratory Technical Research
Note 152. May 196%) and are not presented in detail in the present
publication.

-7-



Tadble 1
SUMMARY ANALYSIS OF VARIANCE FOR CERTTTUDE

Source of Variation Dr M ) 2
Enhancement Technique (E) 3 179.51 11,83+
Subjects witbin Enhancement Sw(E) INA) 15.18
Type of Change (T) 2 173.53 32,9004
TxE 6 28.89 5. hgu
T x Sw(E) 88 5.26
Amount of Information (A) 2 95.13 h1.67e#
Ax?E 6 20.30 8.80u#
A x Sw(E) 88 2.28
AxT [ 92 .61
AxTxE 12 2,82 1,88+
AxTx 5w(E) 176 1.%
Extent of Change (C) 2 102,58 40.09
CxE 6 %.25 2.05
C x Sw(E) 88 2.%
CxT7T Y 12,55 6. h5n»
CxTxE 12 6.91 3. 5om
CxTx 9w(E) 176 1.9%
CxA b 5012 1.73
CxAxE 12 %.99 2,70n%
C x A x Sw(E) 176 1.80
CxAXT 8 3.50 1.92
CxAxTxE 2k 2,38 1.3
CxAxTx 5w(E) 352 1.83
TOTAL 1295
r<.08
sop 001
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w the similarities farther, the Nevman-Keuls Studentiszed

vas applied for testing differences betwveen pairs of means
vithin each of the main variadles. The results are shown in Table 2.
Only for enhancement technique did certitude and accuracy scores differ
in terms of vhich pairs of msans encompassed statisticelly significant
differences. For all min effects, including enhancement technique,

the rank orders of the means vere identical. It is likely that the non-
linearity of the certitude-acouracy relationship and the greater dif-
ferences among enhancemsnt techniques for acocurecy means than for oconfi-
dence means wvere in part a function of the fact that these compari-
sons vere between groups, i.e., each subject performed on only a single
enbancement technique. It vas to be expected that an individual's certi-
tude estimtes would be less precise in an absolute sense than in a
relative sense. Thus, a constant error in terms of a subject's subjective
certitude scale would affect between swbject comparisons but not within

swbject comparisons.

Teble 2
MEAN CERTITUDE FOR LEVELS WITHIN EACH MAIN VARIABLE

Variables Condition Levels

Inhancement Techniques lio Code Haxrd Copy Sing;l.ocuo Dowble Cue

[] 06
(Acouracy Soore) % Iﬁ ‘ﬂ
Type of Change Removed Added Repositioned
Amownt of Information 12 sznoh 18 Sysbols 24 Sysbols
(] 6.0 2.92
Extent of Change 2 Sysbols Uk Sysbols 6 Sysbols
.78 6.2 3.71

NOTE: Values connected by lines do not difter significantly at P«.08. Entries in parentheses are corresponding
asccuracy scores and 8ppedr only for main effects where contidence and accurscy ditfer in terms of significence of

differences between pairs of means.

T, B (gtistiol Prinoiples 4n Bperissmtal Design. Nev York.
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Plotting the significant two-wvay intersctions--type of change by
enhancemsnt, amount of information by emhancemsnt, and extent by type
of change helps clarify the natwe of the interactiocns. Figure 9 showe
differential cexrtitude effects for type of change across enhancemsnt
techniques, with repositioning the ma jor coatridutor. S8ince dowble-cue
coding produced the highest acouracy for the sysbols removed and symbols
added conditions and wvas equivalent to the highest (bard copy) for the
sysbols repositioned condition, the relatively lower certitude level for
the sysbols repositioned condition may be attridbutadle to a more realistic
certitule estimate vith doudble-cus coding.

8.0 “

Removed
75 1

7.0
6-5 1

6.0 .

Certitude

55 .
Repositioned

5.0 4

b5 J

No Hard Single  Double
Code Copy Cue Cue
Enhancemsnt Techniques

FFigure 9. .ieon certitude for ty~a of ciange Ly enhoncement technique
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The shape of the functions plotted in Figure 10 for the amownt of
information by enbancement technique interaction are very similar to
those for accurecy except that the rank order for enhancement technique
on accuracy wvas douwble cue, single cue, hard copy, and no code at each
amouet level. The finding reported in Table 2 of no significent d4if-
ferences in confidence among hard copy, single-cue, and double-cus
eabancement must be qualified in light of this amount by enhancement
ineraction, since bhard copy was significantly different from the other
tvo at the 2k-amount level. Similarly, tbere was a differential change
in certitude in going from the 18 to 2‘ amount level across enbancement
technique, though there wvas no significant difference detween the 18 to
2h amount levels over all enbancement techniques.

The final significant interaction, extent dy type of change, is
plotted in Figure 1l1. The certitulde functions are virtwally identical
to those for accuracy. Thus, the f£inding of significant differences
among extents of change as simple effects needs de tempered merely dy
the finding that these differences exist only for the added and reposi-
tioned type of change--not for sysbols removed--and that differences
among types of change do not hold bdetween sysbols removed and sysbols
added at the 2- and k-extent of change levels.

The seemingly bigh correspondence between accuracy and certitude in
terms of how these mmsuwres wvere affected by the variadbles of interest
prompted a closer look at this relationship. Since the certitude esti-
mtes very of a qulitative nature not translatable into a metric directly
comparable to the accuracy scores (percert right), correlation techniques
vere applied. Product moment correlation: based on the 324 pairs of
ssasures (accuracy and certitude) within each enbancement technique and
the 1296 pairs of all enhancement techniques coabined produced coeffi-
cients of .79 for dowble cue, .63 for single cue, .45 for hard copy,
+950 for no code, and an overall correlation of .62. At least two infer-
ences can be drevn from these data. The first is that improved enhance-
aent techniques contridute not only to accuracy of information essimilation
but also to the appropriateness of certitule estimates regarding assimila-
tion performance. Second, despite the similarity of the effects the main
variadles had on accuracy and certitude, the relationship on an Aindividwal
score dasis over all conditions is not impressive since no more than
approximtely 36 percent of the variance in certitude estimates can bde
accounted for dy accuracy variance.
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Because of the sudbjective nature of the certitude continuum, it was
not poseidble to determine vhetlher certitude estimates were typically
higher or lowver than warrented by the accuracy. Data can bde adduced for
both over- and under-estimation. Tadble 3 shows, for enhancement tech-
nique, vhat percent of the 100% correct responses had certitude evstimtes
of "absolutely certain” associated with them and wvhat percent had either
"absolutely” of "very certain’, as well as the converse, for example,
vbat percent of responses rated "absolutely certain” proved to be 100%
correct.

Table 3

CORRESPONDENCE BETWEEN ACCURACY AND CERTITUDE
BY ENHANCEMENT TECHNIQE

*

Enhancement Techniques

No Hard Single Double
Certitude Expressions Code Copy Cue Cue

Responses 100% right--
estimated "absolutely
certain" by aubject 25% 62% 678 g

Responses 100% right--
estimated "absolutely"
or "very certain” 58 8s 86 93

Responses estimated
"absolutely certain'--
100% right %5 62 89 9k

Responses estimated
"absolutely” or "very
certain"--100% right 51 Sh 82 8k

The figures in the first tvo rows can be viewed as evidence of under-
estimation of performance and those in the last two rows as evidence of
over-estimation, aldbeit tenuous. More important is the evidence support-
ing the notion that enhancement techniques wvhich tend to improve accuracy
of information assimilation aleo improve the relationship betwveen accuracy
and subjective estimates of accuracy. That the relative ease of the
information assimilation task as a function of enbancement technique does
affect certitude is further evidenced in Table 4. The mean percent right




associated vith each certitude category, particularly the higher ones,
differs consideradly as a function of enhancement. Thus, the effective
scale range for the no-code condition is compressed downwvard from the top
relative to the doudble-cue and single-cue conditions. Typically, the

50 percent correct point falls between k and 5 on the scale (slightly
uncertain and slightly certain).

Table &

MEAN PIRCENT RIGHT FOR EACH SCALE CATEGORY
SEPARATELY BY ENBANCEMENT TECHNIQUE

Certitude Double Single Haxrd No
categories Cue Cue Copy Code
8 98 96 83 76
7 88 . 87 7% 7
6 8 7% 63 63
9 61 bl Sh 56
s 5 " 45 36
3 bh 60 52 52
2 39 b9 h2 38
b 23 2 10 23

s Unusutily high vaiue stinibutable to the few (6) responses of which one was 100% and one B3% correct.



IMPLICATIONS OF THE FINDINGS

For information assimilation tasks of the type considered here,
mean certitude functions appear to conform to the mean accuracy fuactions
reasonadbly vell, at least in terms of shape. Because of the different
metrics, it was not feasidle to determine quantitatively the degree of
conformity or vhether the certitude judgments were predominantly over-
estimtes or underestimtes. The conformity of means is a poor repre-
sentation of the relationship detween an individwml's accuracy of assim-
{lation and the degree of certitude he ascribes to his acouracy. Not
only is the agreement over all conditions less than would be desired
(r = .62); 1t also varies considershly as a function of enhancement
technique, only double-cue coding showing a relationship such that more
than 50 percent of the certitude variance can de accounted for dy accuracy
variance. Apparently, tbe less conspicuous the changes in tbhe updated
slides the less the subjects were awvare that they were right vhen in fact
they vere and that they wvere not right vhen in fact they were not. Also,
it is not swrprising that people are more likely to be 100 percent correct
vhen tbey say "absolutely certain” than they are to say "absolutely certain"
vhen they are 100 percent right. The fact that these juigments concern an
end category of the continuum, the literal meaning of the anchor terminol-
ogy itself--and previous findings wvhich frequently indicate conservatism i-
such judgments--would lead to this expectation.

The major efficacy of enhancement techniques is assumed to reside
in reducing the difficulty of the task. Thus, a further degradation in
the certitude-accuracy relationship within an enhancement might de pro-
duced if the other conditions--amount and extert of change--vere extended
beyond those of the present study in ferms of making the task more diffi-
cult. Thus, making a task as manageable as possible by provision of the
best possible enbancement aids is clearly advantageous.

The fact that the earlier findings of consistent accuracy of assim-
ilation but declining certitude for increasing numbers of 'symbols removed"
vere not sustained in the present study suggests swbject differences and/
or task factors as determinants of this relationship. Task realism and
research designs calling for repeated measures would seem to be desiradble
controls for future research in this area.

Either the adjectival anchors on the certitude continuum assume
somevhat different meanings for tbhe sudbjects as a function of enhance-
ment technique, or the accuracy of application varies as a function of
enbancement technique. An adequate determination of the nature of these
effects requires a continuum vhere a quantitative metric is explicitly
associated with each category or subjects are allowed free response in
& prescribed quantitative metric. Studies conducted subsequent to the
present one have incorporated such procedures with apparent success.

-17-



Even with the inadequacies of the present certitude continuum, indi-
cations are that to the extent that feelings of certitude or confidence
influence the timeliness and/or appropriateness of decision, discrep-
ancies of the present magnitude between accuracy and certitude could

frequently have a deleterious effect on the decision process.
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condition. Findings indicate: 1) The more effective the enhancement
technique, the higher the certitude-accuracy relationship. With the best
enhancement technique (double-cue coding), 64 percent of the certitude
variance could be accounted for by accuracy variance; with the poorest
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tion assimilation and his judgment of that performance. To more adequately
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